Objective: To assess the effect of an improved local ingredient-based gruel fortified or not with selected multiple micronutrients (MM) on Hb concentration of young children. Design: In a nutrition centre that we opened in their villages, children received either MM supplement (containing iron, zinc, vitamin A, vitamin C and iodine) with the improved gruel (MMGG) or the improved gruel only (GG), twice daily, 6 d/week, for 6 months. We assessed baseline and endpoint Hb concentration and anthropometric indices. Setting: Kongoussi, a rural and poor district of Burkina Faso. Subjects: In a community-based trial, we randomly assigned 131 children aged 6-23 months with Hb concentrations in the range of 80-109 g/l into two groups.
Malnutrition is responsible for 2?1 million deaths in children aged ,5 years, i.e. 21 % of worldwide deaths in children, with higher relative and absolute effects among African children (1) . During weaning, when infants pass from breast milk to a semi-solid and then solid diet, the lack of suitable complementary foods is a major cause of malnutrition (2) . Complementary foods must provide 845, 1284 and 2293 kJ (202, 307 and 548 kcal)/d (with at least 4?5, 3?0 and 1?0 mg of iron per 418 kJ (100 kcal) food) to children aged 6-8 months, 9-11 months and 12-23 months, respectively (3) . Micronutrient malnutrition, especially iron, zinc, vitamin A and iodine deficiencies, is associated with many health issues, including growth faltering and anaemia.
Anaemia is a widespread public health problem affecting mainly pregnant women and young children (4) . Iron deficiency is the main cause of anaemia in many developing countries, but other micronutrient deficiencies besides iron, such as vitamin B 12 , folate and vitamin A, can also cause anaemia.
Strategies to control micronutrient malnutrition consist of food-based strategies such as dietary diversification and food fortification, as well as nutrition education, public health and food safety measures, and finally supplementation (5) . Of these options that aim at increasing intakes, supplementation often provides the fastest improvement in the micronutrient status of individuals or targeted population groups, whereas food-based strategies take longer to implement but are regarded as more sustainable (5) . The co-existence of iron deficiency with other micronutrient deficiencies makes combined micronutrient supplementation attractive for the prevention of anaemia. Indeed, addition of multiple micronutrients (MM) to iron supplementation can, even marginally, improve Hb response compared with iron supplementation alone (6) ; further effects on growth are expected from some of the additional micronutrients (7) . In malaria-endemic areas, the WHO recommends administering iron-containing supplements along with processed complementary foods, since a recent study showed that such supplements administered alone are associated with increased risk of severe illness and death in populations with high prevalence of malaria (8) . This makes food-based strategies central to anaemia control, in addition to being more sustainable. Home fortification of complementary foods with micronutrients by using powders, crushable tablets or fat-based products was presented as a potential means to control iron deficiency and anaemia in developing countries (9) (10) (11) . In rural Burkina Faso, traditional complementary foods are based on unprocessed cereals. Therefore, they could limit the effect of the supplement depending on their content of iron absorption inhibitors, namely phytates (9) . One of the proposed alternatives is to reduce the phytate content in food before the supplement is added (9) . Processing techniques such as dehulling, soaking, drying, fermentation and germination are all viable householdlevel techniques for removing phytates (12, 13) . Some studies have proposed technologies for improving the nutritional quality of the complementary foods used in developing countries (14) (15) (16) . We undertook the present study in a malaria-endemic area with the aim of assessing the effects of an improved local ingredient-based gruel fortified or not with selected MM on Hb concentration in young children.
Methods

Study site
In rural Burkina Faso, the death rate of children under 5 years of age reached 202 per 1000 living births in 2004 (17) . Stunting affects 41?6 % of children aged ,5 years, underlining low energy intake (18) and high levels of morbidity and micronutrient deficiencies. The prevalence of anaemia among children aged 6-59 months is 93?6 %, thus predicting high prevalence of iron deficiency, though malaria is also highly prevalent (19) . The complementary foods mainly consist of cereal-based gruel, which generally has a low energy density of about 167 kJ (40 kcal)/100 g (20) ; children aged 6-23 months consume an average of 14 g/kg body weight per meal (21) . The study was conducted at Kongoussi, a poor rural district with 256 205 inhabitants, 12 % of whom were younger than 2 years.
Study design and subjects
We performed this community-based randomised trial from January to June 2006. Criteria for enrolment were 6-23 months of age, Hb concentration in the range of 80-109 g/l, plasma C-reactive protein (CRP) of ,10 mg/l, absence of severe wasting (weight-for-height Z-score (WHZ) less than 23), ongoing complementary feeding or caretaker's agreement to introduce complementary foods, and caretaker's consent to child's participation. We drew 215 children from twenty-seven villages (eight children in each village) who had been selected using the 'probability proportionate to size' cluster sampling method used in a previous study (22) , and invited them to attend the village health post on a fixed day for screening. Eligible children were randomly assigned in a block design into an improved gruel group (GG, n 66) or an improved gruel and MM group (MMGG, n 65; Fig. 1 ). In each village, each child could be assigned to GG or MMGG. The assignment to GG or MMGG was made by asking the child's mother to pick one card from an envelope with twenty cards (ten cards corresponded to each group). The next envelope was opened only after all the cards in the previous envelope had been allocated. We calculated the sample size to allow for the detection of a between-group difference of 7 g/l in Hb concentration at 80 % power and 5 % two-side type error, assuming a standard deviation of 13 g/l. These hypotheses were based on published studies (19, 23) . We needed to include at least fifty-three children per group to compare endpoint Hb concentration that was the main evaluation criterion. We raised the sample size to sixty-three per group, accounting for about 15 % losses to follow-up.
Intervention
All children consumed an improved gruel and received malaria and helminth prevention and treatment; the MM supplement was administered to children in the MMGG. Improved gruel consumption From Monday through Saturday, twice a day at 06.00 and 16.00 hours, for 6 months, each mother took her child to the nutrition centre we had opened in her village. We chose this option of centralising the gruel preparation and distribution in a nutrition centre to allow tracking of the actual gruel consumption, since this argument was crucial for this efficacy evaluation. In the nutrition centre, each mother received the gruel, free of charge, and fed it to her child under supervision. The gruel was developed and prepared according to a standardised procedure previously described (24) . Briefly, we developed a new flour using Alicom R software (UR106/IRD, Montpellier, France). This processed flour was composed of 51?7 % pearl millet (Pennisetum glaucum), 8?8 % beans (Phaseolus vulgaris), 7?8 % peanuts (Arachis hypogaea), 9?0 % red sorghum (Sorghum bicolor), 9?3 % soumbala, 12?7 % sucrose and 0?8 % iodised salt. The pearl millet was winnowed, washed, solar-dried and roasted. The beans were winnowed, sorted, dehulled, solar-dried and roasted. The red sorghum was germinated following a traditional procedure. Soumbala is a fermented condiment that was prepared according to tradition using seeds from the néré tree (Parkia biglobosa). Laboratory tests showed that when this improved gruel was prepared with a consistency of 120 mm/30 s (Bostwick flow distance), its volumetric mass was 103 g/100 ml. The three criteria that we evaluated because of their relationship to growth and anaemia were energy density (431 kJ (103 kcal/100 g), zinc content (1?2 mg/418 kJ (100 kcal)) and iron content (2?6 mg/418 kJ (100 kcal)). As far as energy was concerned, lipids, proteins and glucides provided 21 %, 13 % and 66 %, respectively.
We recruited one housewife with at least primaryschool education in four of the twenty-seven villages and trained them in the standardised method of flour production. We also recruited one housewife with at least primary-school education in each of the twenty-seven villages and trained them to prepare the gruel, distribute it and track its consumption. The physical and biochemical characteristics of the gruel were measured during their training period and three times during the intervention. We took a sample of gruel from each village during the 4th, 12th and 22nd weeks to measure the energy density, iron and zinc contents. The average (SD) energy densities for the four samples in chronological order were 431 (SD 23), 431 (SD 22), 451 (SD 48) and 424 (SD 36) kJ/100 g. The average iron contents were 2?3 (SD 0?5), 2?3 (SD 0?5), 2?6 (SD 0?5) and 1?8 (SD 0?8) mg/418 kJ (100 kcal), and the average zinc contents were 1?6 (SD 0?1), 1?6 (SD 0?1), 1?7 (SD 0?1) and 1?6 (SD 0?2) mg/418 kJ (100 kcal).
For each child, the volume of gruel to be administered each day was determined according to his age (3) . That is, in each of the two feeding sessions, a child received a desired serving of 418 (100 kcal), 628 (150 kcal) or 1151 kJ (275 kcal; i.e. 100, 150 or 275 ml) if he was aged 6-8, 9-11 or 12-23 months, respectively. Thus, the programme provided 86 % (100 % 3 6/7 d) of the energy required from complementary foods if the gruel was consumed at these desired amounts. The volume was adapted each month as the child aged. For 12-23-month-old children, the recommended quantity of 1151 kJ (275 kcal) per feeding session was maintained over the course of the intervention. At every session, the child received his gruel in a graduated transparent cup. In all cases, if a child finished his desired serving and asked for more, he was given as much as he needed. In addition to the gruel, we counselled mothers to continue habitual feeding practices.
Malaria and helminths prevention and treatment Malaria management consisted of prevention and case detection and treatment. All mothers received a longlasting, deltamethrin-impregnated mosquito net, made of 100 % polyester (PermaNet R 2?0; Vestergaard Frandsen Disease Control Textiles, Lausanne, Switzerland), and instruction for effective use for children. We asked the local surveyor we recruited in each village to help with installing bed nets, regularly checking their quality during the study and replacing damaged ones. All children were screened for malaria at baseline, and then monthly.
Children with a positive smear for malaria either at baseline or at monthly screening, including afebrile infection, were treated with artemether 1 lumefantrine (Coartem R ; Novartis Pharma AG, Basel, Switzerland). No child presented with severe malaria. A unique dose of albendazole was given to children at baseline, as a way to control for soil-transmitted helminth infections (25) . Children aged 12-23 months received 200 mg albendazole while children aged 6-11 months did not (26) . Children with illness (including fever or a history of fever) during the study were referred to the health post for routine treatment.
Multiple micronutrient supplementation Fortitech (Fortitech Europe APS, Gadstrup, Denmark) was responsible for the elaboration of the premix of vitamins and mineral, and the U-Pharma laboratory (Instutut de Recherche en Sciences de la Santé (IRSS), Ouagadougou, Burkina Faso), a collaborating centre of the Université Libre de Bruxelles, Belgium, was responsible for the production and quality control of the supplements. The supplements were produced as capsules containing the daily dose, i.e. 8 mg elemental iron (as ferrous fumarate), 5 mg zinc (as zinc gluconate), 300 mg vitamin A (as retinyl acetate), 30 mg ascorbic acid and 60 mg iodine (as potassium iodate). While children in the GG received only the improved gruel, supplements were given to children of the MMGG in addition to the improved gruel during the morning session or during the afternoon session if the child was not presented at the first session. Because of the risk of micronutrient degradation, especially ascorbic acid, the supplement was added after the gruel was cooked, and then immediately consumed, as recommended (9) . Mothers were trained to mix the content of a capsule with a small quantity of gruel, as it was important that the child ate the entire portion mixed.
Data collection and processing Data collection involved: (i) an interview of the mothers at baseline by using a questionnaire; (ii) a baseline medical examination of mothers and children; (iii) a baseline and monthly malaria detection and treatment; and (iv) tracking of the quantity of gruel consumed and supplement administration by using a form.
The questionnaire elicited baseline demographic and socio-economic data, as well as child's feeding and caring practices and child's morbidity (diarrhoea, fever or cough in the fortnight preceding the interview). Mother's education referred to her past formal school attendance; mothers who did not attend school were classified as uneducated. Mothers brought a sample of the salt consumed in the household, which was tested for iodisation by using rapid test kits (MBI Kits, Chennai, India). A general practitioner examined mothers for goitre determination according to the definition and classification of the International Council for the Control of Iodine Deficiency Disorders (27) , and children for splenomegaly as classified according to Hackett (28) . A nutritionist performed anthropometrical measurements on children and mothers in agreement with the WHO recommendations (29) . Laboratory technicians obtained children's capillary blood through a finger stick for Hb concentration measurement and blood smear preparation. Hb concentration was measured by using a HemoCue R machine (Hemocue HB 2011, Angelholm, Sweden) to the nearest 1 g/l. If it was in the range 80-109 g/l, an average of 5 ml venous blood was drawn by syringe and transferred into a heparinated tube (Vacutest R , Arzergrande, Italy). The blood sample was centrifuged at 2000 rev/min for 10 min, and the separated plasma was immediately deep-frozen and maintained at a temperature below 2208C in the district hospital until analysis. Analysis was performed at the Laboratoire privé d'analyses médicales du Centre in Ouagadougou, the capital city, to determine plasma albumin and CRP by turbidimetric method (Roche Cobas Integra 400, Rotkreuz, Switzerland). Blood smears to detect malaria infection at baseline (prevalent malaria) and monthly (incident malaria) were stained with Giemsa and read in duplicate for the presence or absence of malaria parasites at the local hospital laboratory. Discordant results (5?7 % of all smears examined during the study) underwent a third reading at the laboratory of the IRSS in Ouagadougou. The woman working at the nutrition centre recorded each child's daily gruel consumption on one form, as well as the number of home meals and breast-feeding in the past 24 h (as reported by his mother). After field control for consistencies, data were double entered and validated using Epi-info version 6?04d (Centers for Disease Control and Prevention, Atlanta, GA, USA), and then analysed under the Statistical Package for Social Sciences statistical software package version 12?0 for Windows (SPSS Inc., Chicago IL, USA). WHZ, Z-scores for height-for-age (HAZ) and weight-for-age (WAZ) and BMI-for-age (BAZ) were computed using the Anthro 2006 software (WHO, Geneva, Switzerland), considering the new WHO reference population. We considered that a child experienced incident malaria if he had at least one positive smear out of the six monthly malaria checking.
Compliance with the supplement was determined in the MMGG as the percentage of achieved days the supplement was reportedly added to the child's gruel. All indicators of the improved gruel consumption were calculated every month; an average over all 6 months was obtained at the end of the intervention. The total monthly quantity of the gruel ingested was obtained by summing all daily volumes that were actually consumed. Multiplying this value by the energy density, iron content or zinc content yielded the total monthly ingested energy, iron or zinc from the gruel (this does not account for the foods eaten at home or the breast milk intakes). Daily intake was defined as the total monthly intake divided by the total number of days in the given month. The percentage of recommended daily requirements was calculated on the basis of the child's daily requirement, taking into account his current age. We used the internationally recommended daily energy requirements from complementary foods (3) . Daily iron and zinc requirements were based on the WHO and FAO recommendations (30) .
Ethics consideration
The study received ethics approval from the Comité d'Ethique pour la Recherche en Santé of Burkina Faso. Informed written consent was obtained from caretakers before children's inclusion in the study. Children with severe wasting detected during the screening were referred to the local hospital for treatment and those with Hb concentration of ,80 g/l or who were still anaemic at the end of intervention underwent a 3-month iron therapy (Fercefol R ; Exphar S.A., Brussels, Belgium) free of charge.
Statistical analysis
We visually checked the normal distribution of quantitative data by using normality plots. We compared baseline characteristics as well as characteristics in the course of the intervention between the two groups by using Student's t test to compare the means, Mann-Whitney's test to compare the medians, and Pearson's x 2 test to compare the proportions. For the within-group comparison of baseline and endpoint values, we used the paired t test to compare means. The main outcomes considered for analysis were endpoint Hb concentration and change in Hb concentration. Analysis was by intent-to-treat. The strategy of analysis of each outcome was set in two steps. First, a difference at the end of the intervention between the two groups was assessed by bivariate analysis using Student's t test. Second, a multiple linear regression analysis was applied to adjust for potential confounding factors and to test for the interactions. It included variables that were associated with endpoint Hb concentration (or change in Hb concentration) with P value ,0?10, i.e. baseline HAZ, baseline Hb concentration, prevalent and incident malaria parasitaemia. Using the 'forward' selection method, baseline HAZ, baseline Hb concentration and incident malaria parasitaemia were identified as predictors of endpoint Hb concentration (or change in Hb concentration). In each final model, in addition to baseline HAZ, baseline Hb concentration and incident malaria parasitaemia, age was also entered by using the 'enter' method to allow testing of its interaction. Residuals and collinearity analysis served to verify the application conditions.
Results
Baseline characteristics
The trial participant profile is shown in Fig. 1 . Of the 215 children who were screened, the 131 (60?9 %) eligible children were randomised into two groups. No death or loss to follow-up was observed. All children who were randomised were included in the analyses. Groups were comparable with respect to baseline characteristics (Table 1) .
Characteristics in the course of the intervention
Mean compliance with the micronutrient supplement was 85?3 % (SD 19?2 %) in the MMGG. The proportion of children who experienced incident malaria parasitaemia was 28?8 % and 30?8 % in the GG and MMGG, respectively (P 5 0?48). Table 2 presents intakes from the improved gruel and home feeding numbers in the course of the intervention. Although the difference was not statistically significant, gruel consumption and daily intakes of energy, iron and zinc from the gruel tended to be higher in the GG than in the MMGG. The median (range) energy intake was 113 (27 kcal; 5-55) kJ/kg body weight per d in the GG and 96 (23 kcal; 3-53) kJ/kg body weight per d in the MMGG (P 5 0?23). The number of breast-feeds per day was lower in the GG than in the MMGG (P 5 0?010). Table 3 . This difference (95 % CI) did not change after multiple linear regression. The interaction terms of the micronutrient supplementation with baseline age (P 5 0?51), baseline Hb concentration (P 5 0?30) and incident malaria parasitaemia (P 5 0?56) were not significant. In addition, the change in Hb concentration was not different between the groups, even after multiple linear regression, and the tested interactions remained non-significant. There were no significant differences with respect to endpoint anthropometric indices, i.e. WHZ (P 5 0?59), WAZ (P 5 0?95), HAZ (P 5 0?28) and BAZ (P 5 0?47).
Effect of the intervention on Hb concentration and anthropometric indices
Discussion
This MM supplement had no additional effect on Hb concentration. Yet, the selected MM supplement used in our study was similar to that used in the study by Thu et al. (31) , who reported a mean increase in Hb concentration of 15?5 (SD 13?4) g/l in the daily MM supplementation group, but a decrease of 20?5 (SD 8?8) g/l in the placebo group, i.e. a between-group difference of 16 g/l (31) . The lack of between-group difference in Hb concentration in our study could be explained by two reasons.
First, the bioavailability of minerals such as iron and zinc could have been altered in the case of high phytate WHZ, weight-for-height Z-score; WAZ, weight-for-age Z-score; HAZ, height-for-age Z-score; BAZ, BMI-for-age Z-score. *GG, gruel group includes children who received twice-daily the improved gruel 6 d/week for 6 months; MMGG, gruel with multiple micronutrient supplement group includes children who received twice-daily the improved gruel with once-daily a supplement made of 8 mg iron, 5 mg zinc, 300 mg vitamin A, 30 mg ascorbic acid and 60 mg iodine 6 d/week for 6 months.
-Between-group comparison by using Student's t test.
--P , 0?001 for the paired t test of the within-group comparison. yP , 0?05 for the paired t test of the within-group comparison.
content of this cereal-based gruel. We did not assess the iron and zinc bioavailability from the gruel. We merely assumed that it improved as ingredients were processed using household-level technologies (12, 13) , and the addition of vitamin C in the supplement was intended to improve iron bioavailability.
Second, more plausible, is the concurrent consumption of the improved gruel in the GG, instead of placebo. The improvement of the gruel mainly consisted of: (i) a combination of legumes such as peanuts and beans with cereals, thus diversifying the micronutrient sources; (ii) ingredient processing by roasting, dehulling and germinating, thus decreasing the content of anti-nutritional factors such as phytate; and (iii) the incorporation of soumbala that has an iron content of 69?6 mg/100 g (32) . Such improved gruel could itself substantially improve Hb concentration and anthropometric indices. Indeed, the increment of 14?8 g/l in Hb concentration observed in the group that received the improved gruel only is comparable to that of children receiving an iron supplement in a previous trial we conducted in the same population (33) . Other studies of improved complementary foods by ingredient processing and/or micronutrient incorporation reported improved Hb concentration and reduced anaemia prevalence (34) (35) (36) . These results suggest that an improved gruel produced with locally available ingredients may be efficacious for improving Hb concentration and stabilising or improving some anthropometric indices. This is consistent with a study in Ghana in which the incorporation of a premix of vitamins and minerals into infant flour named Weanimix did not have an additional effect on Hb concentration (37) . The authors of the study in Ghana argued, among others, that the tested food, along with frequent breast-feeding, was yet nutritionally adequate. The iron intakes from the improved gruel in the present study were higher than those observed among Ghanaian infants fed Weanimix (mean daily intakes from the project food of 1?7, 2?4, 2?1 and 2?8 mg/d when infants were aged 7, 8, 10 and 12 months, respectively).
The present study focused on the main nutrients associated with the outcomes we assessed, i.e. energy, iron and zinc. However, as limits, it lacked data about the bioavailability of iron and zinc from the gruel, as well as about children's breast milk intakes during the intervention. A key idea supporting gruel serving is average breast milk intake, which supposes that breast-feeding patterns are maintained throughout the intervention, whereas feeding young children with energy-rich food can lead to displacement of breast milk (3, 38) . Another concern that can be limiting was that although the research assistant who performed Hb concentration analysis and anthropometrical measurements was blinded to groups, the principal investigator was not.
To conclude, thorough studies are needed to determine the ingredient processing standard that would lead to the best iron and zinc contents and bioavailability, and to evaluate the actual efficacy of the gruel before its introduction into household routine. This may be a step towards the implementation of the food multimix approach that intends to make better use of traditional food sources to meet community nutritional needs, especially in Sub-Saharan Africa (39) .
